Various new 2-substituted indole-3-carbaldehydes are prepared. Structurally related alkaloids, vulcanine and borreline, are synthesized as well.
I. Creation of New Promoters for Plant's Root Growth
According to our synthetic method 3 for 1-hydroxyindole (6a) and its derivatives, 1-methoxyindole (6b) and 1-tosyloxyindole (6c) were prepared from 2 in 70 and 23% yields, respectively. 3 We then tried the synthesis of 3a by the treatment of 6c with POBr 3 based on the finding that 3b 11 was produced by the reaction of 6c with POCl 3 in 67% yield. In fact, however, 3a was not obtained under various examined reaction conditions. In order to obtain 3a, we next attempted to utilize 1-methoxy and 1-hydroxy derivatives, because we found the treatment of 1-hydroxy-6-nitroindole-3-carbaldehyde 12 (7a) with POBr 3 gave an 82% yield of 2-bromo-6-nitroindole-3-carbaldehyde (8) together with 6-nitroindole-3-carbaldehyde (7b, 11%).
Therefore, 6b was converted to 1a in 90% yield as reported previously 3 by Vilsmeier-Haack reaction.
The desired 1-hydroxyindole-3-carbaldehyde (1c) was obtained by treating 1a with KI in DMF-H 2 O (3:1, v/v) at 160°C in 55% yield together with indole-3-carbaldehyde (1d) and unreacted 1a in 3 and 33% yields, respectively. Quantitative production of 1c was realized by the reaction of 1a with DABCO (10 mol eq.) in DMF-H 2 O (3:1, v/v) at 100°C. Interestingly, when the same reaction was carried out in DMF without a proton source, major product (61%) was 1-[2-(4-methylpiperazin-1-yl)ethoxy]indole-3-carbaldehyde (1e), and 1c became a minor product (28%). The mechanism of the formation of 1e was discussed in the previous paper. 4a These new ether cleavage reactions were also applicable to 1-methoxy-6-nitroindole-3-carbaldehyde (7c). Thus, the former KI method gave 7a, 7b, and 7c in 58, 4, and 22% yields, respectively, while the latter DABCO method 4a provided 7a in 90% yield.
Although bromination of 1a with Br 2 in AcOH at 100°C afforded poor yield of 2-bromo-1-methoxyindole-3-carbaldehyde (3c, 15%) with a mixture of inseparable 5-and 6-bromocompounds, reaction of 1c with POBr 3 in THF proceeded as expected and 3a was obtained in 33% yield together with a 21% yield of 1d.
In order to improve the yield of 3a, alternative route 13a was explored from 6b. Bromination of 6b with NBS in t-BuOH resulted in the formation of 3,3-dibromo-1-methoxy-2-oxindole 13a (9) in 50% yield.
Reductive debromination of 9 to 1-methoxy-2-oxindole 13a-c (10) was carried out with Zn-AcOH at room temperature in 91% yield. Then, 1-methoxy group was removed by catalytic hydrogenation with 10% Pd/C and atmospheric hydrogen to afford 2-oxindole (11) in 95% yield, which is commercially available but an expensive chemical. Subsequent Vilsmeier reaction of 11 with POBr 3 -DMF afforded 3a in 77% yield. 1b Application of the same reaction conditions to 10 provided (3c) in 84% yield. (12) and unreacted 3c in 16 and 32% yields, respectively. Interestingly, the same reaction at reflux condition resulted in the predominant formation of 12 in 61% yield. The structure of 12 was determined by comparison of the 1 H-NMR spectrum with that of 2,6-dibromoindol-3-ylmethanol (13) , which was produced by the reduction of 12 with NaBH 4 in 67% yield. The proton signal at the 4-position of 13 appeared at δ 7.55 (d, J=8.5 Hz), while the corresponding proton of 12 appeared at δ 8.19 (d, J=8.5 Hz) . The observed anisotropy effect of the formyl group on 12 clearly proved their structures as shown in Scheme 1.
1-Substituted 2-bromoindole-3-carbaldehydes were easily prepared as follows. Thus, the reactions of 3a
with MeI, 3-methyl-2-butenyl bromide, propargyl bromide, and allyl bromide in the presence of n-Bu 4 NBr and K 2 CO 3 as a base provided 1-methyl-(3g), 1-(3-methyl-2-butenyl)-(3h), 1-propargyl-(3i), and 1-allyl-2-bromoindole-3-carbaldehydes (3j) in 98, 92, 91, and 98% yields, respectively.
II. Syntheses of Vulcanine and Borreline
In order to introduce a carbon side chain directly into the 2-position of 3a, improved Heck reaction 15a,b seemed to be promising among various palladium catalyzed cross coupling reactions. 15a-d In fact, the With the desired 17 in hand, we next employed our reductive aminocyclization reaction. 16 Thus, the reaction of 17 with zinc in refluxing methanolic hydrochloric acid resulted in the formation of 1-(2-methyl-1-propenyl)-1,2,3,4-tetrahydro-β-carboline (5a) in 50% yield. Subsequent treatment of 5a
with t-BuOCl in THF generated vulcanine 9 (4) in 51% yield. On the other hand, the reaction of 5a with ClCOOMe and Et 3 N gave an 85% yield of 2-methoxycarbonyl-1-(2-methyl-1-propenyl)-1,2,3,4-tetrahydro-β-carboline (5b), which finally led to borrerine 10 (5c) in 70% yield by the reduction with LiAlH 4 in anhydrous THF.
Spectral data of 4 and 5c are identical with those reported by Hesse and co-workers 9 and by Sakai and co-workers, 10 respectively.
III. Biological Evaluation for the Plant's Root Growth
Typical results, obtained after culturing the germinated seeds of rice (Nihonbare) and cucumber (Sagamihanpaku) at 25°C for 6 days, are shown in Table 1 . In the case of aq. 3 ppm solution of 3a, the average root length of the rice is 68% longer than that of the control (100%), while the average root length of cucumber is 113%. On the other hand, the effect of a 50 ppm aq. solution of 16 on the rice seeds was 168%. In the case of cucumber, a 3 ppm aq. solution of 16 promoted the root length up to 190%. Thus, almost all compounds described in this paper (3-5, 7, 8, 11-13, 15-17) On the other experiment at Gobi desert, seeds of Calligonum alaschanicum were divided into 5 groups and each group was dipped for 30 min into a 1, 3, 10 ppm aq. solution of 3a, a 2 ppm aq. solution of indole-3-acetic acid (IAA, the reference), and H 2 O (the control), respectively. Experiment farmland was divided into 5 parts as well. Seeds of each group were separately sprinkled to the divided farmlands on ditches of 5 cm depth and they were covered with sand. They were brought up for 73 days (from August 2 to October 14, 2005) under natural environment of the desert except for watering every one week. We then dug grown young plants and compared the average root length. The results are summarized in Table   2 . As is evident from Table 2 , the solutions of 3a showed a remarkable effect on the plant's root growth.
Especially, a 1 ppm aq. solution of 3a encouraged the plant's root about 2 times longer and 8-15 times heavier than those of the reference and the control. With these successful results in hand, we are now continuing preliminary field experiment to make Gobi desert green. Our compounds (SOMRE No. 1, No. 4 , related compounds) make the wild plant's roots longer enough to reach to the ground water. They would change Gobi desert again to the area with full of plants as it was 300 years ago. They would be useful for preventing disastrous global warming and for production of more food as a new technology. We believe SOMRE compounds become "the medicine for the earth."
EXPERIMENTAL
Melting points were determined on a Yanagimoto micro melting point apparatus and are uncorrected. IR spectra were determined with Shimadzu IR-420 and Horiba FT-720 spectrophotometers, UV spectra with a Shimadzu UV 2400 PC spectrophotometer, and 1 H-NMR spectra with JEOL FX-100, JEOL EX 270, and JEOL GSX 500 spectrometers, with tetramethylsilane as an internal standard. MS were recorded on Hitachi M-80 and JEOL JMS-SX 102A spectrometer. Preparative thin-layer chromatography (p-TLC) was performed on Merck Kiesel-gel GF 245 (Type 60) (SiO 2 ). Column chromatography was performed on silica gel (SiO 2 , 100-200 mesh, from Kanto Chemical Co., Inc.) throughout the present study. DABCO (1.05 g, 9.36 mmol) was added to a solution of 1a 3,17 (159.8 mg, 0.91 mmol) in DMF (5 mL) and the mixture was heated at 100°C for 21 h with stirring. After addition of H 2 O, the solution was made acidic (pH 4) with 6% HCl, and the whole was extracted with AcOEt. The organic layer was washed with brine, dried over Na 2 SO 4 , and evaporated under reduced pressure to leave a brown solid, which was column-chromatographed on SiO 2 with CHCl 3 -MeOH (97:3, v/v) to give 1c (41.4 mg, 28%). The aqueous layer was made basic (pH 10) with 8% NaOH and the whole was extracted with AcOEt. The organic layer was washed with brine, dried over Na 2 SO 4 , and evaporated under reduced pressure to leave an oil, which was column-chromatographed on SiO 2 with CHCl 3 -MeOH (95:5, v/v) to give 1e (159.8 mg, 61%). 1c and 1e
1-Hydroxyindole-3-carbaldehyde (1c) and 1-[2-(4-methylpiperazin-1-yl)ethoxy]indole-3-carbaldehyde (1e) from 1-Methoxyindole-3-carbaldehyde (1a) -i) Method A:
were identical with the samples prepared according to our previous paper. in anhydrous CHCl 3 (20 mL) was added to anhydrous DMF (30 mL, 0.39 mol), and the mixture was stirred at rt for 25 min. To the resulting viscous solution was added a solution of 11 (4.06 g, 0.03 mol) in anhydrous CHCl 3 (60 mL), and then the mixture was stirred at rt for 13 h. During the above procedures, when magnetic stirring became difficult because of the increase in viscosity, supersonic wave generator was employed as an assistant. After cooling to 0°C, the whole was made basic by adding 40% aqueous NaOH and extracted with CH 2 Cl 2 -MeOH (9:1, v/v). The organic layer was washed with brine, dried over Na 2 SO 4 , and evaporated under reduced pressure to leave a crystalline solid, which was recrystallized from MeOH to give 3a (5.281 g, 77%).
2-Chloroindole-3-carbaldehyde (3b) from 1-Tosyloxyindole (6c) -A solution of Vilsmeier reagent
(460.9 mg, 1.68 mmol), prepared from POCl 3 (767.6 mg, 5.01 mmol) and DMF (581.6 mg, 7.96 mmol), in DMF (0.5 mL) was added to a solution of 6c (48.1 mg, 0.17 mmol) in DMF (1 mL) at 0°C and the mixture was stirred at rt for 5.5 h. The whole was made basic with 8% aqueous NaOH and extracted with AcOEt. The organic layer was washed with brine, dried over Na 2 SO 4 , and evaporated under reduced pressure to leave a solid, which was column-chromatographed on SiO 2 with CH 2 Cl 2 to give 3b (20.1 mg, 67%). Physical data were identical with those of the authentic sample. 11
2-Bromo-1-methoxyindole-3-carbaldehyde (3c) from 1-Methoxy-2-oxindole (10) 4) -Anhydrous
DMF (9 mL) was added to a solution of POBr 3 (0.2 mL) in anhydrous CHCl 3 (6 mL) at 0°C and stirring was continued at rt for 15 min. To the resulting solution was added a solution of 10 13 (236.3 mg, 1.45 mmol) in DMF (5 mL) at 0°C and the mixture was stirred at rt for 12 h. The whole was made basic with 8% aqueous NaOH and extracted with AcOEt. The organic layer was washed with brine, dried over Na 2 SO 4 , and evaporated under reduced pressure to leave a solid, which was column-chromatographed on -1-methoxyindole (6d) -POCl 3 (0.2 mL, 2.15 mmol) was added to DMF (2 mL, 25.8 mmol) at 0°C and the stirring was continued at rt for 15 min.
2-Iodo-1-methoxyindole-3-carbaldehyde (3e) from 2-Iodo
To the solution was added a solution of 6d 14 (137.1 mg, 0.50 mmol) in DMF (2 mL) at 0°C and the mixture was stirred at rt for 2 h. The whole was made basic with 8% aqueous NaOH and extracted with AcOEt. The organic layer was washed with brine, dried over Na 2 SO 4 , and evaporated under the reduced pressure to leave a solid, which was column-chromatographed on SiO 2 with AcOEt-hexane (1:5, v/v) to give 3e (105.6 mg, 70%). 3e: mp 132-134°C (colorless needles, recrystallized from MeOH). IR (KBr): 1H, d, J=7. 3 Hz), 9.79 (1H, s) . MS m/z: 301 (M + ). Anal. Calcd for C 10 H 8 INO 2 : C, 39.89; H, 2.68; N, 4.65. Found: C, 40.33; H, 2.87; 4.47 .   2,6-Dibromoindole-3-carbaldehyde (12) with/without 2-Bromo-1-hydroxyindole-3-carbaldehyde   (3f) from 2-Bromo-1-methoxyindole-3-carbaldehyde (3c) -i) Method A: BBr 3 (2 mL, 21.2 mmol) was added to a solution of 3c (50.0 mg, 0.20 mmol) in anhydrous CH 2 Cl 2 (5 mL) at 0°C and the mixture was refluxed for 21 h with stirring. The mixture was poured into an ice water and the whole was extracted with AcOEt. The organic layer was washed with brine, dried over Na 2 SO 4 , and evaporated under reduced pressure to leave an oil, which was column-chromatographed on SiO 2 with CHCl v/v) NO: C, 35.68; H, 1.66; N, 4.62. Found: C, 35.64; H, 1.72; N, 4.57. ii) Method B: BBr 3 (4.0 mL, 42.3 mmol) was added to a solution of 3c (97.0 mg, 0.33 mmol) in anhydrous CH 2 Cl 2 (10 mL) at 0°C and the mixture was stirred at rt for 24 h. After the same work-up as described in the Method A, the crude product was column-chromatographed on SiO 2 with CHCl 3 to give unreacted 3c (30.8 mg, 32%), 12 (18.2 mg, 16%) , and 3f (12.7 mg, 14%) in the order of elution. 3f: mp 192-194°C (decomp., colorless needles, recrystallized from AcOEt-hexane). IR (KBr): 1630 cm -1 . 1 H-NMR (CD 3 OD) δ: 7.27 (1H, dd, J=7.8, 7.3 Hz), 7.34 (1H, J=7.8, 7.3 Hz), 7.50 (1H, d, J=7.8 Hz), 8.16 (1H, d, J=7.8 Hz), 9.86 (1H, s Calcd for C 10 H 8 BrNO: C, 50.45; H, 3.39; N, 5.88. Found: C, 50.44; H, 3.35 ; N, 6.09. -1-(3-methyl-2-buten-1-yl) indole-3-carbaldehyde (3h) from 3a -A solution of prenyl bromide (1.06 g, 7.17 mmol) in THF (10 mL) was added to a mixture of 3a (1.02 g, 4.54 mmol), Bu 4 NBr (300.8 mg, 0.933 mmol), and K 2 CO 3 (3.57 g, 25.8 mmol) in THF (60 mL), and the mixture was stirred at rt for 6 h. After the same work-up as described in the preparation of 3g, 1.22 g (92%) of 3h was obtained. NO: C, 75.45; H, 5.70; N, 8.80. Found: C, 75.50; H, 5.62; N, 8. 82. Anal. Calcd for C 14 H 10 N 2 O: C, 75.65; H, 4.54; N, 12.61. Found: C, 75.42; H, 4.38; N, 12.83 . ( 16; H, 5.92; N, 10.29. Found: C, 65.97; H, 5.89; N, 10.46 . (17) , 6.61; N, 10.21. Found: C, 65.89; H, 6.58; N, 10.23 . Methyl-1-propenyl)-1,2,3,4-tetrahydro-β-carboline (5a) -1-(2-methyl-1-propenyl)-1,2,3,4- 5, 26.7, 111.9, 113.0, 119.0, 120.3, 121.6, 121.8, 128.8, 129.5, 134.0, 136.8, 140.7, 140.8, 143.8 13 C-NMR (CD 3 OD) δ: 20. 9, 26.6, 113.9, 114.2, 116.6, 121.5, 123.0, 124.1, 129.5, 133.1, 134.8, 135.2, 137.4, 145.4, 152.5 . Anal. Calcd for C 15 H 14 N 2 ·HCl·1/4H 2 O: C, 68.44; H, 5.93; N, 10.64. Found: C, 68.51; H, 5.83; N, 10.68 .
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